Although there are 3 hospice care programs for terminal cancer patients in Taiwan, the medical utilization and expenses for these patients by programs have not been well-explored. The aim of this study was to examine the medical utilization and expenses of terminal cancer patients under different programs of hospice care in the last 90, 30, and 14 days of life.
Introduction
Hospice care is a type of care and philosophy of care that focuses on the palliation of a chronically ill, terminally ill or seriously ill patient's pain and symptoms, and attending to their emotional and spiritual needs.
In Taiwan, hospice cares are reimbursed by the National Health Insurance (NHI) programs. Currently, 3 kinds of hospice care programs are provided to terminal cancer patients in Taiwan. The 1st program is hospice home care (HHC), which began in 1996, providing hospice care to terminal patients living in the community or in long-term care facilities. The 2nd program is hospice inpatient care (HIC), which began in 2000, providing inpatient care to terminal patients who need to be hospitalized and who are willing to be admitted to a hospice ward. The 3rd program, hospice shared care (HSC), which is a kind of inpatient palliative consultation began in 2005, providing care to patients who are admitted to acute hospital wards and who are in need of palliative care for physical, psychosocial, or spiritual issues. [1] Previous studies conducted in Taiwan and Southern Korea reported cost-saving impacts on inpatient hospice care for hepatocellular carcinoma [2] and lung cancer patients, [3, 4] and another study conducted in the United States reported cost reduction in inpatient hospice care for terminal cancer and noncancer patients. [5] Several studies revealed that inpatient palliative consultation or HSC reduced costs and provided better care to seriously ill or terminal cancer patients. [6, 7] Recent studies on HHC were focused on caregiver support needs assessments, after-hours symptoms management, [9] and caregivers' experiences and needs of families under HHC. [10] In Taiwan, the NHI provided comprehensive hospice care programs for patients with different needs, however, at present no study has focus on medical utilization and medical expenses on patients received different kinds of end-of-life hospice care. Therefore, the aims of this study were to analyze hospital admissions, outpatient clinic visits, emergency room (ER) visits, and medical costs in the last 90, 30, and 14 days of life for terminal cancer patients to understanding the medical utilization pattern and medical expenses by patients under different hospice care groups for further policy discussions.
Methods

Data sources
This study was a secondary data analysis. First, we used the National Health Insurance Research Database, which contains deidentified secondary data derived from patient registries and claims data from the Taiwan NHI program, to identify subjects who died of cancer (ICD-9-CM coding 140-208) between January 1, 2010 and December 31, 2012. The Taiwan NHI program, which began in 1995, covers more than 99% of the national population with good representativeness. Then we linked the data to the Hospice Shared Care Database (HDB) for further analysis. The National Health Insurance Research Database provides information of outpatient care (including HHC), inpatient care (including HIC and HSC), ER visits, medical examinations, and managements. The HSC database provides information of HSC. There were a total of 118,376 patients died of cancer during the study period. We further classified patients into 8 groups as nonhospice care (NHC), HSC, HIC, HHC, HSC and HIP, HSC and HHC, HSC, HIC, and HHC, and HIP and HHC. This study was approved by the institutional review board of Taipei Veterans General Hospital.
Statistical analysis
Data linkage and statistical analyses were performed by SAS 9.2. For descriptive statistical analysis, continuous variables were presented by mean and standard deviation while categorical variables were presented by number and percentage. For inference statistics, NHC and different hospice care groups were compared. Continuous variables were compared by using t tests or ANOVA while categorical variables were compared by Chisquare tests. Medical utilization and expenses between groups were presented at 3 different periods: last 90, 30, and 14 days of life. A 2-tailed P value <0.05 was considered as statistical significant. Table 1 ). Cancer diagnoses for these patients were described in Table 2 , and the top 2 diagnoses were lung cancer and liver cancer both for NHC and hospice care patients.
Results
Among
We then compared NHC patients with patients received hospice care and found that patients ever received hospice care had significantly lower average frequency of hospital admission, length of stay, admission expenses, average number of outpatient visits, average outpatient care medical expenses, ER visits, average ER medical expenses, and average total medical expenses in the last 90, 30, and 14 days of their life (all P < 0.001) ( Table 3) .
We further compared medical utilization and expenses between patients received different kinds of hospice care and NHC patients. In the last 90 days of patients' life, compared with Chang et al. Medicine (2016) 95:44 Medicine NHC group, the average frequency of hospital admission, length of stay, admission expenses, and outpatient visits were significantly less in each hospice care group than in the NHC group (all P < 0.001), while the average outpatient care medical expenses were significantly less in HSC, HIC, HSC, HIC, HSC and HHC, HSC and HHC, HIC and HHC, and HHC groups than in NHC group (all P < 0.01); the frequency of ER visits and ER medical expenses were significantly less in HSC and HIC, HIC, HIC, HSC, and HHC, HSC, and HHC groups (all P < 0.01) ( Table 4 ). In the last 30 days of patients' life, when compared with NHC group, the average frequency of hospital admission, total admission expenses, outpatient visit frequency, total outpatient care expenses, ER visits, and ER care expense were significantly less in each hospice care group than in the NHC group (all P < 0.01); the average length of stay was significantly shorter in each hospice care group except in the HSC and HHC group (Table 5) .
In the last 14 days of patients' life, as compared with NHC group, the average frequency of hospital admission, length of stay, total admission expenses, outpatient visit frequency, outpatient care expenses, ER visit frequency, and ER care expenses were significantly less in each hospice care group than in NHC group (all P < 0.01) ( Table 6 ).
Discussion
This study has 2 major significant findings. First, patients had ever received hospice care had significantly less medical utilization and expenses in their last 90, 30, and 14 days of life than patients never received hospice care. Second, each hospice care group had less medical utilization and expenses in the last 90, 30, and 14 days of life than patients never received hospice care.
Our findings are comparable to previous studies: 2 studies on EOL care for geriatric hepatocellular carcinoma and lung cancer patients found cost-reduction effects in their last hospital admission in Taiwan. [2, 3] Another longitudinal study reported a cost-saving effect on lung cancer patients received inpatient hospice care in Taiwan. [11] Still another study in Korea found a less hospital inpatient charges on terminal lung cancer patients admitted to hospitals with hospice care beds for end-of-life care. [4] A recent review article reported that inpatient palliative care consultation had a cost-saving effect on terminal care. [6] Another study in Taiwan reported that HSC saved medical costs and reduced intensive medical care utilization. [7] Our study further compared medical utilization and expenses of patients received different kinds of hospice care. We found that patients under care of hospice cares involving inpatient cares including HSC, HSC and HIC, HIC, HSC had significantly less medical utilization and expenses in outpatient care and ER care in EOL care. This might due to that these patients spend a considerable time been taken care in the hospital. Several studies reported that HIC [2] [3] [4] [5] [12] [13] [14] and inpatient hospice consultation care [6, 7, 15] could save medical care costs. We also found that patients who received hospice care involving HHC had significantly less medical utilization of inpatient care and expenses in the end of life. Another significant finding in this study is the different cost-saving effects in medical utilization and expenses in the different stage of end-of-life, the cost-saving effects became more extensive near patients' death. A previous study in Canada found that community-based palliative care could reduce healthcare cost by reducing the use of acute care beds. [16] Another study in the United States reported that patients under in-home palliative care were less likely to visit the emergency department or admitted to the hospital than patients receiving usual care which resulting in significantly costreduction in in-home palliative care patients. [17] It is seems that HHC provides palliative care for patients at their homes could help patient stay in their own home and also is cost-saving.
Several previous studies have reported that overtreatment or aggressive end-of-life care could be harmful to terminal patients and their families. Patients received aggressive end-of-life care in institutions had poorer symptoms control, less physician communication, less emotional support, and less being treated with respect. But, family members of deceased patients who received hospice care at home were more likely to report a favorable dying experience. [18] Aggressive end-of-life care was also associated with worse quality of life of patients and worse Chang et al. Medicine (2016) 95:44 www.md-journal.com Table 3 Medical utilization and expenses in non-hospice care and hospice care patients in the last 90, 30 and 14 days of patients' life. 
<0.001
Hospital admission frequency 
Table 4
Medical utilization and expenses in the last 90 days of terminal cancer patients' life (total n = 118,376). Chang et al. Medicine (2016) 95: 44 Medicine Table 5 Medical utilization and expenses in the last 30 days of terminal cancer patients' life (total n = 118,376). 
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Medical utilization and expenses in the last 14 days of terminal cancer patients' life (total n = 118,376). Chang et al. Medicine (2016) 95:44 www.md-journal.com caregiver bereavement adjustment. [19] But, patients' quality of life and mood could be improved by early palliative care, and even longer survival. [20] This study has several strengths. First, this is a study to examine different kinds of care, including hospice cares and NHC, on medical utilization and expenses at different stages of end-of-life care. Second, we used a nationwide data, including all terminal cancer patients, with good representativeness. However, the current study also has several limitations. First, because this is a secondary data analysis, some information including education and income of patients are not available. Second, due to the crosssectional study design, the causal relationship could not be identified.
In conclusion, for terminal cancer patients, end-of-life hospice care could not only reduce medical care utilization but also is cost-saving. Different kinds of hospice care program have different effects on medical care utilization reduction and costsaving at different stage of the end of life of terminal cancer patients.
